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[. INTRODUCTION
1.1 General

~Flooding of Maline Creek in and around St. Louis, Missouri has been a
problem. In an effort to provide significant flood damage mitigation,
increase outdoor recreation opportunities, and enhance the watershed's
environmental quality, the U.S. Army Corps of Engineers, St. louis District
has evaluated potential improvement alternatives for the creek. A selected
plan for jmprovement was identified in a 1980 survey report (COE). The recom-
mended plan of improvement consists of the following features:

a. 8 dry detention sites

b. 3.29 miles of channel widening and straightening
¢c. 5.05 miltes of low level floodwalls

d. 3.31 miles of low level levees

e. 91 acres of clearing

f. 5 bridge replacements

g. 2 bridge improvements

h. 18 aquatic habitat structures

i 5 fish ponds

Jj. 384 acres of open space adjacent to detention basins plus 474 acres along
the stream corridor.

k. 10 miles of environmenta)/recreational trails.

Simons, Li & Associates, Inc. (SLA) has been contracted by the U.S. Army
Corps of Engineers ({COE), St. Louis District to qualitatively evaluate “the
sediment transport characteristics of Maline Creek, and assess the effect of
the proposed improvements on sediment transport in the creek. Generalized
solutions to potential erosion and sedimentation problems are suggested and a ;
literature review of erosion and sedimentation in ,urban areas is presented.
Particular emphasis of the literature review was placed on erosion and sedi-
mentation of loess soils since they are common to the iMaline Creek watershed:

1.1




1.2

1.2 Scope of Work
The specific scope of this study is as follows:

1. To review available hydrologic, hydraulic, geologic, geomorphic, soils,
and photographic information, and the proposed design data for proposed
improvements.

2. To conduct a site visit to familiarize ourselves with the physical
environnent of Maline Creek and its tributaries. During the site visit,
surface samples of bed and bank material will be be collected.

3. To perform a literature review of available information concerning ero-
sion and sedimencation problems in urban areas similar to Maline Creek.
Particular emphasis will be placed on loess -soils, since their charac-
teristics greatly influence the erosional processes in the watershed. A
bibliography will be prepared and copies of the most significant referen-
ces are to be furnished with the report.

4. To identify the key aspects of erosion and sedimentation of concern to
the successful implementation of the preferred alternative. This will be
based on the site visit, literature review, and information supplied by
the COt. Information tu be provided includes identification of major
sediment sources, location of areas of bank erosion, historic rates of
migration, and qualitative estimates of sediment transport in Maline
Creek. Thalweg profiles will be plotted for the 1962 conditions (MSD,
1962) and 1985 conditions (COE, 1985).

5. To review the selected improvement plan for HMaline Creek and its com-
patibility with current erosion and sedimentation conditions along the
stream. To make recommendations to minimize erosion and sedimentation
problems. Potential problems are to be viewed in terms of operation and
maintenance of the project and potential adverse impacts on adjacent pro-
perty. HMajor points of consideration are integrity of bank protection,
channel bed response to the project, impact on the stability of struc-
tures, such as bridges and utility crossings, and impacts on the tendency
of the channel to migrate.

6. SLA will provide one copy of a draft report containing the results of the
study. After review and comments are received from the Corps, SLA will
modify the report if necessary and provide ten copies of the final
report. SLA will return all information provided by the Corps.

1.3 Data Sources

The analysis presented in this report is based on information collected
from several sources. Sources include the U.S. Army Corps of tngineers, >t.
Louis District, the Metropolitan St. Louis Sewer District, the St. Louis
County Highway Departument, the State of missouri Highway Department, and the
U.S. Department of Agriculture Soil Conservation Service.

Specific data collected and analyzed for the study include the hydrology
of the Maline Creek watershed, channel geometry, HEC-I1 water surface profile

l . ’ -
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1.3

models of exiting and proposed conditions, bed and bank material size distri-
butions, soils infurination and information describing channel improvements
associated with the recommended plan.

Two field tripc were made to the Maline Creek watershed to collect data
and observe the characteristics of the watershed. Observations were made of
watershed development, bridge and pipeline crossings, channelization, bank
protection, and locations of significant erosion and sedimentation problems.
Samples of bed and bank material were taken in various locations. A summary
of observations made during site visits is presented in Chapter III.

A literature search of information related to erosion and sedimentation
problems in urban areas similar to Maline Creek was also made. Particular
emphasis in the literature search was placed on locating information related
to the erosion and sedimentation properties of loess soils typically occurring
in the watershed. The sediment transport characteristics of these soils are
significant factors determining the behavior of the crzek.

-




2.1

Il. LITERATURE REVIEW UF INFORMATION ON EROSIUN AHu SEDIMENTATION IN URBAN
AREAS WITA PARTICULAR EMPHASIS ON LDESS SOILS

Erosion and sedimentation due to overland flow, rilling, and gullying are
becoming an increasingly significant problem in urban areas. The complex
interelation of natural geomorpnic processes and man-induced forces involved
in urban erosion make fully understanding such processes and their interac-
tions a difficult task. For example, Daniels and Jordan (1966) suggested that
gullying is part of the normal evolution of a landscape in thick Tloessial
regions like Iowa and Missouri. In urban areas in particular, man's activi-
ties hasten geomorphic processes which accentuate gu1lying cycles.

In the following discussion, recent work and past studies of the pro-
cesses of erosion and sedimentation are reviewed. Particular emphasis is
given to erosion of loess soils (fine earth soils formed by aeolian deposi-
tion) like those found in the Maline Creek area, gully and channel bank ero-
sion, sediment yield in urban areas, and urban erosion problems.

Computer searches of two technical data bases (DIALuG and Colorado
Libraries) and the SLA technical library were utilized in locating pertinent
information. A bibliography of information cited in this chapter is presented
in Appendix A. Copies of reports and abstracts identitfied in the literature
review as being particularly relevant to the erosion and sedimentation pro-
cesses occurring in the Maline Creek watershed have been presented to the COE

separate from this report.

2.1 Erosion Studies of Loess Soils
Loess soils are characterized by very uniform, silt-sized particles

yellow to brown in color, and varying degrees of cementation. Many studies
have been conducted on loess soils throughout the world primarily in response
to agricultural needs (Piest and Ziemnicki, 1977, 1979; Smalley and Taylor,
1970). Williams and Allinan (1969} studied the factors affecting infiltration
and recharge in a loessial watershed in Washington and Idaho. Studies using
shallow piezometers installed in the 1loess indicated that groundwater is
recharged during the wet season by infiltration and percolation through the
loess. Silty clay loam surface layers control infiltration, and Tower hori-
zons of loess often have high infiltration capacities due to larger pore spa-
ces and tubular openings. These hydrologic findings are important in pre-
dicting volume of runoff because if soils are saturated due to a high water
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table, runoff and ervsion tend to increase. The authors recomended that ero-
sion can be reduced by surface conditioning to maximize infiltration rates,
e.g., surface roughening practices.

Several comprehensive studies on loessial watersheds have been conducted
in Iowa. Saxton, et.al (1971) indicated that sheet erosion on agricultural
land is severe unless the land surface is nearly level and vegetated. Gully
erosion was found to be significant on sloping lands with only partial plant
cover. In a study by Piest et.al (1976) gully erosion rates from experimental
watersheds averaged two tons per acre annually. Soil losses from sheet-rill
erosion averaged at least eight tons per acre annually.

As mentioned above, gullying is a frequent erosion mechanism in the deep
loess hills region of Missouri. It degrades land and increases sediment load
in Jocal streams. Development of gullies can be grouped into three phases,
(1) failure of gully head and gqully banks, (2) cleanout of debris by
streamflow, and (3) degradation of the channel. Stratigraphy influences
gullying because the growth rate of valley bottom guilies and geometry of the
walls are controlled by stratigraphic differences in soil strength, per-
meability, thickness, structural features, and wmicromorphologic features
(Bradford and Piest, 1930; #ucher and De Ploey, 1977). A study by Bradford
and Piest in the ilissouri River basin indicated that valley side and valley
head gullies normally cut through surficial loess (Wisconsin in age). In
Missouri the underlying bedrock is Pennsylvanian shales. Extensive widening
can then occur, resulting from a decrease in rates of erosion in the shale.

Roloff et.al (1981) conducted a study of throughflow, the flow of
infiltrated water above the regional water table, in Howard Roloff County,
Missouri. Their study showed that in upper landscape positions, i.e. upland
areas above major drainages, throughflow is controlled by buried paleosol
{soil) surfaces. Throughflow converges down gradient within a gully wall
causing wetter soil conditions and instability. The resulting failure debris
is deposited against the valley wall which increases slope stability. Hence,
gully development rates were found to be slow rand cyclic in the upper
landscape positions as a function of intensive rainfall, which renews the pro-
cess of mass wasting and debris transport.

A aiversity of opinion exists concerning the reasons for the stability of
steep cuts in loess observed in the field. According to a review by Lohnes
and Handy (1968), steep loess slope stability has been attributed to cemen-

. -
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tation by calcium carbonate, clay and/or clay-water systems, vertical
cleavage, secondary carbonate filling vertical root holes, and shrinkage
cracks. However, a field study of steep-sided loess banks by Lohnes and Handy
indicated that leached loess can hold a steep cut, vertical roots are not ubi-
quitous in steep cuts, more slopes were observed at 35 angles than at 90*
angles, and steep banks are also characteristic of loess-derived alluvium.

To better understand the mechanisms of st' “p slope stability, Lohnes and
Handy studied the shear strength and cohesion of friable loess using soil
mechanics methods. The maximum stable heights of steep loess slopes were
found to relate to the soil density and shear strength. Estimates of cohe-
sion, variability in vertical and horizontal shear strength, and internal
friction angle were used to determine maximum stable heights and slope angles.
Results of the sliding wedge method of analysis and field measurements indi-
cated that vertical cleavage of loess appears to be a function of tension in
the surface layer, and is not ubiquitous in loess. Vertical slab failure
results in a slope angle of approximately 77° and shear failure of a 77° slope
results in a slope angle of approximately 51°.

A mathematical evaluation of loessial gully bank stability was completed
by Bradford et.al (1973). Primary factors affecting gully stability included
water table height, cohesion of the soil, and infiltration rates. Calculated
factors of safety indicated that vertical-saturated and near-saturated gully
walls will fail in most loess banks if the water table nears the base of the
wall and if cohesion is zero at a hydrostatic pressure of zero. Also, failure
is influenced by the rate of infiltration in proportion to the nydraulic con-
ductivity of the soil. Soils with high values of conductivity or cohesion
will require higher rates of infiltration to develop unstable conditions.
Stability was also found to be a function of seepage of subsoil water, changes
in electrolyte concentration, and effects of freeze-thaw and wet-dry cycles.
Tension cracks present in gully bank materials appeared to play a minor role
in slope stability.

Mechanical concepts of gully bank failures were expressed as digital com-
puter programs by Taylor and Johnson (1973). The effects of groundwater on
loess soil shear strength and the interaction with gravitational forces were
used to evaluate gully bank stability. The reactions of the models to
variations in water table heights and changes in cohesion were in accordance
with general field experience of slope angles and associated siope failures.
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Several detailed studies of physical and chemical properties of loess
have been conducted to better understand erosion and chemical transport pro-
cesses. Alberts et.al (1983) used a rainfall simulator to evaluate charac-
teristics of aggregates eroded from two 1loess soils in lowa. The mean
diameter of aggregates was found to increase as rilling occurred and larger
sizes of the aggregates had proportionately greater amounts of clay and total
nitrogen contents.

Nitrogen and phosphorus losses from the Missouri Valley loess watershed
were determined by Schumann et.al (1976) and Alberts et.al (1978). At least
85 percent of the losses were associated with the sediment portion of runoff,
which were much lower from level-terraced watersheds than from contoured
farmed watersheds. This study suggests that loess sediments derived from
urbanized areas such as Maline Creek can be expected to carry chemical pollu-
tants as weill.

2.2 Urban Erosion
Soil erosion is a major environmental and economic issue in the United
States and elsewhere. Besides agriculture, urban areas and mining are iden-
tified as the next most pervasive nonpoint erosion source in the U.S. (Myers,
et.al, 1985). Nonpoint source pollution includes any nonlocalized sediment
source areas, such as construction sites and runoff from urbanized landscapes
(Mertes, 1984; Powell et.al, 1970)). Topsoil and subsoil loss results in
blighted landscapes and sediment loading of downstream waterways. Erosion in
urban areas is often associated with large scale developments such as commer-
cial, residential, and industrial projects, which involve massive vegetation
and soil manipulation. Smaller projects and runoff from impermeable surfaces
in urban areas, e.g. hignhways and streets, often result in continuous and
often pernicious sources of sediment. Confinement of drainageways due to
development pressure and increase in runoff associated with impermeable areas
often result in degradation of channel beds and accelerated bank erosion.

O0f importance in urban watersheds is the volume of stormwater runoff
corresponding to available loads of sediment and pollution. According to
Dallaire (1976), the following statistics compare the annual soil loss from
different land uses: 4 tons per acre from well-established urban areas; 69
tons per acre from disturbed urban areas; 180 tons per acre from any unpro-
tected, graded land. Guy (1970) indicated that clearing and earthmoving acti-
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vities can increase an area's sediment yield by as much as 40,000 times.

-

Wohman (1975) noted an increase in sediment concentration from construction
sites in urban areas on the order of 5 to 200 fold based on data from the
United Kingdom, Japan, Canada, and Mexico.

Construction activities in urban areas are particularly important in that
intensive sites can contribute more sediment to streams than was previously
deposited over several decades. Even a small amount of construction may
generate high volumes of sediment due to high soil erosion rates.

In addition to the concern for spatial and temporial erosion at construc-
tion sites, Guy (1970, 1974} identified three additional concerns in the field
of urban sedimentology, the nature of movement and impact of sediments,
methods for mitigating erosion and sediment movement, and channel erosion
downstream resulting from increased runoff from impervious surfaces. For
example, even though very little erosion may be occurring in the established
urban areas surrounding #aline Creek, erosion of channel banks and gully head-
walls may be increasing due to increased runoff from less pervious or imper-
vious urban lands.

Maryland has been intensively involved with urban sediment control on a
state, county, and nunicipal level. State programs have been developed and
guidance and review has been provided to other government levels. Counties
and municipalities have adopted detailed grading and sediment control ordinan-
ces (Kanerva and Ports, 1976). Uetailed standards for certain structural
and nonstructural practices are provided to designers and and contractors,
e.g. level spreaders, diversion berms, mulches, chemical tacks and mulch
anchoring tools, serrated cuts and scarification. The Wischmeier soil loss
equation, discussed in the next section, is the working tool used for esti-
mating erosion from a specific site.

Another example of an urban comprehensive plan is the soil erosion iodel
prepared for the Minneapolis-St. Paul area, Minnesota (Mertes, 1984). Because
this twin city area has severe erosion problems and is located adjacent to the
Mississippi River, the model has been utilized extemsively.

A study by Boesch and Eacker (1972) ijdentified critical sediment problems
in the Detroit metropolitan area. Measurements taken during the summer indi-
cated that two percent of the urban zone was under construction and produced
69 tons per acre annually compared to three tons per acre from the remaining
98 percent of the undisturbed urban area.
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Finally, the Tahoe Regional Planning Agency in Lake Tahoe, Nevada, has
adopted particularly stringent erosion and sedimentation control provisions
for governing urban erosion mitigation (Mertes, 1984}.

2.3 Erosion and Sedimentation Control Measures

Erosion control is the application of certain land treatments to prevent
s0il exposure to surface processes thereby reducing or completely eliminating
sediment loading of wind and water. The literature on erosion contro) tech-
nology is vast and common treatments are summarized by Mertes (1984). Simons,
Li & Associates (1983) provided an evaluation of the effectiveness of various
structural measures, surface manipulations, and vegetative techniques.

Both structural and nonstructural management practices are available to
control urban runoff and erosion. The principal structural alternatives are
runoff retention basins, in-line storages, and 1in-line screens. These
methods allow water to percolate into the ground, thereby reducing peak flows
and volume of pollutants directly received by streams, or retain water and
solids. Nonstructural practices include land use planning, which is the least
expensive means of erosion control in developing communities. However, in
highly developed urban areas, nonstructural practices as well as structural
practices have limited utility and success. ]

The greatest potential for using the full range of nonstructural and
structural practices is in developing communities. For example new develop-
ments should employ land use planning techniques to reduce long-term urban
runoff volumes. Structural measures can Le¢ vmployed in new and existing
developments and industrial areas to mitigate erosion. Similar practices can
also be integrated on construction sites. A combination of relatively in-
expensive nonstructural vegetative controls, such as seeding and muiching, and
more expensive structural measures are often used on construction sites.

Simons (1978) suggests several guidelines for landscape architects,
planners, and municipalities which include control of surface runoff by diver-
sions or filling gullies, re-establishing ground cover, and catchment basins.

The principal techniques used in North Carolina are earth berms, slope
drains, silt fences, brush barriers, sediment basins, hydroseeding, straw
mulich, wood chips and jute netting (Dallaire, 1976). Two major factors con-
sidered in choosing a design technique are diversion of runoff before it
enters the sites and maintenance of erosion control facilities.

|
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Similarly, Ferguson (1978) noted that erosion control on construction
sites requires analysis of boundary flow conditions so that an area can be
isolated from surrounding land by a temporary erosion control system.

Specific tehniques have been utilized to control erosion in urban areas.
The Universal Soil Loss Equation (USLE) has been adapted to construction sites
(Wischmieir et.al, 1971). The equation defines average annual sediment loss
in terms of the following factors: erodibility, rainfall, slope, length,
cropping and management. The cropping factor has been adapted to landscaped
urban areas by vetar et.al, (1980a,b).

Although the USLE has been modified for use in urban areas, this method
contains several drawbacks. Harrington et.al {(1985) noted that (1) USLE does
not estimate the sediment delivery ratio, or fraction of eroded soil entering
a stream, (2) the method has yet to stand up to legal challenge as a regula-
tory tool, and (3) the equation is based on uniform slopes, soil and bare
agricultural land, which are not characteristic of urban areas. Therefore,
careful consideration of the physical characteristics of the site and critical
evaluation are recommended if this method is used on an urban landscape.

Kuo {1976) used a modified USLE to determine sediment yields in Virginia.
A dilution factor was studied to correlate the characteristics of a disturbed
area with that of an off-site downstream station. The dilution factor was
defined as the ratio of suspended-sediment concentration on the site compared
to the off-site quality. The dilution factor was found to increase with
decreased intensity of rainfall and to vary according to the stage of
construction and disturbance.

A physical process computer model was adapted to analyze urban drainage
basins by Grover (1983). The model, known as MULTSED2, determines water and
sediment yields during single storm events. Input requirements consist of a
rainfall hyetograph, a geometric discretization of the drainage basin, and a
series of parameters describing the characteristics of the vegetations, soils,
and sediment within the basin. Graver's study indicated that the model has a
high potential for modeling the water and sediment’ yields from complex urban
drainage basins.

Studies concerning control of erosion on loess soils have been par-
ticularly concerned with chemical properties of 1loess. The effect of
exchangeable sodium and gypsum on surface runoff from loess soils in Israel
was studied by Keren et.al (1983). Industrial gypsum was found to be very
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effective in reducing erosion from soils with low and high exchangeable
sodium, although most effective on low sodium soils. This is probably due to
a reduction in runoff by increasing the infiltration rate and to a change in
the erodibility factor, which is related to cohesive forces and aggregate sta-
bility. The presence of gypsum increases soil stability by increasing
electrolyte concentration in soil water and effecting cation exchange.

Subsurface drainage of loess soils in Washington was found to be very
effective in reducing runoff events, according to a study by Lowery, et.al
(1982). This study and a recent study by Skaggs et.al (1982) suggested that
subsurface drainage should be considered as a possible best management prac-
tice for controlling sediment and other pollutants carried by surface runoff
on relatively flat land. This non-point source control technique may be par-
ticularly applicable on urban land near environnentally sensitive areas where
even small amounts of erosion may be objectionable.
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3.1

ITl. SUMMARY OF WALINE CREEK SITE VISIT

on  april 2, 1985, a site visit of Maline Creek was conducted.
Participants in the site visit were Mr. Fred Bader (Corps of Engineers) and
Mr. Bi11 Fullerton (Simons, Li & Associates, Inc.). The site visit covered
primarily the main channel from its confluence with the Mississippi River to
the point where the Creek flows under 1[-70. The purposes of the site visit
were to observe the general condition of the creek in terms of its erosion and
sedimentation behavior, identify any important factors that may influence the
proposed flood control project, and collect sediment sampies. A second visit
was conducted on April 24 to observe Blackjack Creek.

This chapter presents the general observations and conclusions concerning
the behavior of iMaline Creek derived from the site visit.

3.1 General (Observations

During the site visit, some important observations were made pertaining
to conditions along Maline Creek. These observations are grouped into several
categories describing physical properties of the creek. The categories
include urbanization, bed characteristics, and bank characteristics.

3.1.1 Urbanization _

Except for a very small fraction of the watershed that is being used for
open space or the remnant of agricultural activities, the entire watershed has
been urbanized. This has influenced the channel through the numerous bridges,
bank protection and sewer line encasement in the channel or the adjacent flood
plains. The sewer line encasements are discussed further in Section 3.1.2 and
bank protection in Section 3.1.3. Urbanization has increased the amount of
runoff that the channel must convey. It is the interaction of these features,
as well as the pre-existing characteristics of the watershed, such as
topography, soils, geology, vegetation, and climate, that determine the
response of the channel.

In terms of the effects of increased runoff, 'the impact on the channel
has been the introduction of increased instabilities as the channel tries to
reach a new equilibrium with the modified hydrologic regime. Instabilities
created include increased bank instability and potential downcutting of the
channel. The former is a result of the channel adjusting its size and shape
to convey larger flows. The latter is a consequence of the increase in flow
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velocity and possibly a reduction in sediment supply once the initial lana
disturbance associated with construction has disappeared.

The most significant direct alteration of the channel by urbanization has
occurred in the area of Lucas and Hunt Road. A 0.7 mile distance of channel
was cut off and relocated due to the alignment of the road. The design for
the relocated channel was a 2H:1V trapezoidal channel. No bank protection was
provided. In this realignment area the channel banks are eroding on the right
bank as indicated in Figure 3.1. Degradation is also appearing at the
upstream end due to the steepening of the slope by the cutoff. Approximately
three or four feet of fall occurs at the base of the sewer line encasement
just above the upstream end of the cutoff; this is depicted in Figure 3.2.
Another indicator of degradation is the fact the old channel is perched two to
three feet at the upper end of the cutoff. Figure 3.3 illustrates the point
where the old channel branches from the cutoff. This photograph was taken at
the upstream end of the cutoff.

3.1.2 Channel Bed Characteristics

The iialine Creek channel bed is comprised mainly of silts and clays with
some fine sands. Within many of the reaches the bed also contains a signifi-
cant amount of rubble and stone that nas washed into the channel from nearby
bank protection efforts (Figure 3.4a and 3.4b). Significant quantities of
sand and gravel are present on the bed only in some of the upper reaches of
the channel, in the area of [-270. The origin of the gravel is unknown, since
the soil surveys for the watershed do not indicate any major occurrence of
this material in the watershed. It is possible that the gravel was derived
from fill placed along the banks or from highway construction activities.

Portions of the bed consist of exposed clays that the channel has
incised. The flow has scoured deposited material or debris from the bed in

these areas. Only at one location was there evidence of a shalely rock
outcrop. This feature is Tlccated several hundred yards downstream of Lewis
and Clark Boulevard (Figure 3.5). .

Other than the single geologic control and the exposed clay, the only
other occurrences in the channel that offer resistance to degradation are the
numerous concrete sewer line encasements and the drop structure located just
upstream of Riverview Road (Figure 3.6a and 3.6b). OQuring the site visit
approxiinately ten locations were observed where the sewer line encasements
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Channel erosion near Lucas and Hunt Road.

Figure 3.1.
{Photograph of south bank looking upstream approximately 200 feet upstream of Lucas and Hunt Road Bridge)
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Sewer line encasement upstream of Lucas and Hunt channel cutoff.

Figure 3.2.

(Photograph looking at south bank approximately 1000 feet upstream of Lucas and Hunt Road Bridae)




Abandoned channel caused by cutoff of meander bend.

Figure 3.3.

{Photograph of south bank approximately 600 feet unstream of Lucas and Hunt Bridge)
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Figure 3.4a. Rubble used for bank protection has fallen into !
the channel and covers the bed of many parts of
Maline Creek.

(Photograph looking downstream from Florissant
Road)
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3.7

Rubble used for bank protection has fallen into the
channel and covers the bed of many parts of Maline
Creek.
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Figure 3.6a.

Exposed sewer line encasement.
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were exposed. In most cases, the water plunged two to three feet on the
downstream side of the these structures. At several of the locations rubble
or stone had been dumped on the downstream side to protect against scour.

In general, the composition of the channel bed is largely a result of the
material that has been placed along the banks or in the bed as a consequence
of the development of the watershed. There is little if any of the bed that
could be considered in a natural alluvial state.

3.1.3 Bank Characteristics

The banks of Maline Creek are composed primarily of loess with very low-
clay content for the upper 10 to 15 feet. Below this, a layer of high-clay
content loess or stiff clay occurs. The exposure of the more cohesive soils
is most frequent in the middle and upper reaches of Maline Creek above
Bellefontaine Road. The loess portions of the bank are at extremely steep
slopes, usually on the order of 1.0 horizontal to 1.0 vertical, or steeper.
The clayey portions were flatter at about 2:1. Figure 3.7 illustrates a typi-
cal bank as just described.

Bank erosion is occurring at numerous locations. The erosion appeared to
be as much the result of geotechnical conditions in the loess as hydraulic
conditions. Typically, bank erosion was occurring as a result of slope
failure. It appeared that saturation of the soils in the late winter and
early spring nad induced some of the failures. The material was deposited at
the toe of the slope, often with the vegetation still partially intact (figure
3.8). uUuring significant flows, the material will be removed from the toe and
carried downstream. This is a common erosion cycle for loess streambanks.

To retard or prevent bank erosion, numerous residents and businesses
along Maline Creek have installed bank protection. The majority of the pro-
tection is in the form of dumped revetment, which usually consists of rubble
rather than stone (Figure 3.9a). Other forms of protection included grouted
riprap (Figure 3.9b), gabions (Figure 3.9c), toe protection (Figure 3.9d}, and
concrete lining (Figure 3.9e). Bank protection has produced varying degrees
of success. For the most part, the success of the protection has been a func-
tion of the degree of sophistication and proper engineering practices applied
to the site. The majority of the bank protection consists of rubble dumped
over the bank in problem areas. This protection may have arrested bank ero-
sion, but judging from the profuse amount of rubble in the bed adjacent to and
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Fiqure 3.7.

Typical banks along Maline and
Blackjack Creeks. Upper 10-15
feet is Toess. Below this is
found a loess material with a
much higher clay content.

(Photograph looking upstream
along Maline Creek approximately
3 mile upstream of Florissant
Road)
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downstream of this type of installation, any success experienced at these
sites has been tne result of continuously dunping additional supplies of
rubble on the bank. The bank protection that is performing the best is
located on slackjack Creek adjacent to the Meadows School. The bank along
this reach has been graded to an approximately 3H:1V sideslope. The protec-
tion on the sideslope consists of angular riprap that had been placed over
filter fabric. At the crest of the slope a swall concrete drainage channel is
located for collecting and disposing of local drainage, which would otherwise
flow over the channel bank or infiltrate into the channel sideslope. No
appreciable damage had occurred to the protection and vegetation had started
growing between the rock.

In general, bank protection along Maline Creek and its tributaries has
proceeded on a piecemeal basis with protection being added in localized areas
whenever a problem arises. Protection measures installed by most private land
owners do not appear to have involved any sort of design effort. Often they
have been installed improperly or inappropriate materials have been used.

3.2 Conclusions

Based on the site visit, several conclusions were made concerning the
behavior of Haline Creek. The two most prominent processes occurring in the
channel that may affect future flood control projects are bank erosion and
channel deyradation. Jf these two, the forwer is most significant. Bank ero-
sion appears to ve a comnon problem throughout the system, and althou,. rates
are not very rapid, the proximity of development to the banks makes even small
amounts of erosion a potential problem (fFigure 3.10). The other significant
process, channel degradation appears to have occurred in the channel on the
order of three feet in recent times. Tne degradation probably resulted frow
the increased runoff induced by urbanization. However, channel degradation
will not proceed very rapidly in the future due to several factors. First,
the watershed nas been almost completely wurbanized, therefore discharges
should not continue to increase (detention ordinances should help alleviate
this problem frow any areas that still remain to be developed). Secondly, the
channel has incised its bed down to a more erosion-resistant layer of clay or
clayey loess. finally, the sewer line encasements, if maintained, should act
as grade controls and help stabilize the vertical profile of the channel.

Retated to bank erosion, and of great importance to the overall design of

the project, are the Jloess soils, which comprise the majority of the
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Figure 3.10.
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Minor amounts of bank erosion
would endanger this structure.

t t




flood plain and channel banks. This material is easily eroded and has unique
geotechnical properties. Special considerations must be given to drainage
flowing over the banks and on developing stable sideslopes for any chan-
nelization measures. Figure 3.11 illustrates the significant erosion of tne
banks that can occur from even minor local drainage developed over unprotected
banks.

Deposition of sediments or aggradation is not a problem in the channel.
There are few bars or other evidence of deposition in the channel. This is
consistent with tne fact that there 1is minor amounts of sand or coarse
material in the watershed. The channel has a more than adequate capacity to
transport the finer materials that are present.
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Figure 3.11. Bank erosion resulting from minor Tocal drainage over
the banks.

(Photograph taken of north bank of Maline Creek approximately 300 feet

unstream from [ucas apd Hunt ﬁridoe) _
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4.1

IV. QUALITATIVE ANALYSIS
4.1 General

The purpose of conducting a qualitative analysis of erosion and sedimen-
tation tendencies along Haline Creek 1is to identify the general sediment
transport characteristics of the Maline Creek system and to identify the
potential impacts of improvements associated with the recommended plan.
Possible means of avoiding or mitigating negative impacts can then be made.
The importance of the qualitative approach is its ability to identify the
general tendencies of the stream system and to quickly assess the response of
the system to change. At a later date, the reasonableness of more technical
approaches may then be more readily assessed as to the validity of their
results.

The qualitative analysis utilizes various sources of information to
assess system response to cnange. Historical records, aerial photographs,
site visit information, and the hydraulic properties of the existing system
are analyzed to identify the stability characteristics of the stream, geologic
controls and general tendencies of the system.

As background information the hydrology, soils, and geology are also
discussed in this chapter. Quatitative assessment of the effect of each on
sediment transport along iMaline Creek is made.

4.2 Hydrology

The Maline Creek watershed has a total drainage area of approximately 25
square miles, and is a tributary to the Mississippi River. Their confluence
is located south of the community of Bellefontaine neighbors. The annual
average precipitation of the watershed is 37 inches and is fairly evenly
distributed throughout the year. The watershed exhibits a moderately well-
developed, dentritic drainage network with a moderately high drainage density.

Maline creek has eight major tributaries. The names and approximate
drainage areas of the streams are listed in Table 4.1. Blackjack Creek is the
largest tributary with approximately 28 percent of the drainage area of saline
Creek. The second largest tributary is wvall Creek, contributing about eight
percent of the MMaline Creek drainage area. The remaining six tributaries each
contribute between three and five percent of the total drainage area.

The Maline Creek flood plain is subject to flooding of relatively short
duration and highly variable severity. Flooding is primarily due to high

e e
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Table 4.1. Tributaries to Maline Creek.
Percent of
) Maline Creek

Designation from* Drainage Area Watershed

Tributary Name 1980 Survey Report (Square Mile) Area (%)
Riverview Branch HA 1.1 4.4
Bellefontaine Branch MB 1.2 4.6
Moline Acres Branch MC 0.9 3.4
Blackjack Creek D 7.2 28.3
Ferguson Branch ME 0.7 2.8
Ball Creek MF 2.0 8.0
Ferguson Branch MG 1.3 5.3
Kinlock Branch iH 0.9 3.4

*Designation is an alternative means of identifying tributaries to Maline

Creek.
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intensity rainfall from thunderstorms. High intensity rainfall results in
flood problems due to the rapid development of runoff caused by the low per-
meability loess soils and high percent of impervious urban lands found in the
watershed. High intensity rainfall can occur at anytime of the year in the
St. Louis area, although severe storms are most likely to occur during a four-
month period from May through August. The topographic features and well-
developed drainage system in Maline Creek generally prohibits storms of low
intensity and long duration from causing extensive flooding of the flood plain
areas of Maline Creek.

Three flow gaging stations are located in the Maline Creek watershed.
Significant lengths of records, however, do not exist at the gages for fre-
quency analysis of flood flows. In the 1980 survey report (COE) a rainfall/
runoff simulation model (HEC-1) was used to develop flood flows along the
stream for rainfall of various return periods. Table 4.2 shows the discharges
for the 10- and 100-year floods at various locations along Maline Creek for
existing and proposed channel improvement conditions and future expected
development conditions of the watershed. No information is available on flood
discharges for existing development conditions.

4.3 Geology and Soils

4.3.1 Geology

Maline Creek drains a highly urbanized loessial watershed. The local
relief of the gently to moderately sloping drainage is less than 300 feet and
the mean slope of the longest reach of the creek is about one foot of vertical
drop in 220 feet.

The watershed lies within the Ti11 Plains section of the Central Lowlands

physiographic province. Structural features in the area include anticlines
and synclines associated with the Ozark Dome to the west and the Il1linois
Basin to the east.

The highest bedrock in the basin consists of gently sloping shales and
limestones of the Pennsylvanian Maranton or vlder CHerokee Group, (cut, 1980}.
Shales were observed during the site visit in only one location along the bed
of Maline Creek, several hundred yards downstream of Lewis and Clark Boulevard
(U.S. Highway 67). Below these formations are cyclical deposits of inter-
bedded limestone/dolomites, sandstones and shales overlying Precambrian rocks
at depth (3000 feet).
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Tabnle 4.2. 10- and 100-year Return Period Flood Discharges at

Various Locations Along iMaline Creek for Future
txpected Development Conditions.

. 10-year 100-year
Existing Proposed Existing Proposed
Channel Channel Channel Channel
Conditions Conditions Conditions Conditions
Location (cfs) {cfs) {cfs) {cfs)
Below Riverview 12,210 13,257 22,440 23,991
Branch Tributary (MA)
Below Bellefontaine 12,390 13,633 21,900 24,102
Branch Tributary (MB)
Below Moline Acres 12,380 13,607 21,680 23,773
Tributary (MC)
Below Blackjack 12,300 13,515 21,440 23,214
Creek Tributary (MD)
Below Ferguson 7,900 8,343 13,580 13,548
Branch Tributary (ME)
Below Ball Creek 6,870 7,420 11,530 11,783
Branch Tributary (MF)
Below Ferguson Branch 5,970 6,251 9,710 10,086
Tributary (MG)
Below Kinlock 5,190 5,142 7,540 7,549
Branch Tributary ()
T 7 v —
N . t 13
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4.3.2 >oils

Surficial material consists of a thick (30 to 50 feet) deposit of
Quaternary loess. Loess is a windblown, glacial age silt deposit, some of
which has been reworked by fluvial processes forming silty alluvium on
flooa plains and terraces. Two distinct loess formations have been recognized
by the Missouri Geological Survey ({Lutzen and Rockaway, 1971): the Peoria
loess which is 5 to 10 feet thick and the underlying clay-rich Roxana loess
which is 20-30 feet thick. Uownward migrating moisture commonly collects at
this interface because of the decreased permeability of the lower loess.

According to a study by the Corps of Engineers (1980} borings indicate
that the stratigraphy of the surficial deposits are very similar. The sgils
and sediments consist of interbedded siits and clays overlying shale at a
depth of 5 to 25 feet. More detailed descriptions of the soils as defined by
the Soil Conservation Service (1982) are given below.

The soils of this watershed are formed in loess and nearly all are used
for urban development. The Urban Land-Harvester Complex comprises about 70
percent of the Maline Creek watershed, mainly in the upland areas. about 10
percent of the channel and flood plain is comprised of Fishpot-Urban land
Complex. The Menfro Silt Loam and the ienfro-Urban Land Complex each comprise
roughly 10 percent of the area and a few percent include several series such
as the Freeburg Silt Loam, Winfiled Silt Loam, and the Blake-Eurdora-wWaldron
Complex.

The Urban Land-Harvester Complex includes a range of soils on ridge tops
and sideslopes of upland valleys in the Maline watershed. Slopes range from 2
to 9 percent and are moderately well drained. Urban lands, including streets,
parking lots, and buildings comprise about 60 percent of the complex. The
Harvester Series occurs with urban lands in a mosaic pattern and is a silt
Toam and silty clay loam mainly composed of fill material. A buried, firm
silt loam occurs within three feet of the surface.

The soil type forming the channel and floodplain of most of Maline Creek
and the lower reaches of some of the tributaries 'is the Fishpot-urban Land
Complex. This complex is nearly level to gently sloping and poorly drained.
Most of the floodplain and adjacent terraces have been built up with fill
material for urban use, nowever rare flooding does occur. Urban lands compose
about 40 percent of the complex. The topsoil of the Fishpot Series is a dark
grayish brown, friable silt loam underlain by a multicolored fill material
with a firm, silt loam buried soil at depth.

——



e ——

The fenfro Silt Loaw occurs on about 10 percent of the upland sideslopes.
Most of the series occurs on steep slopes and is well drained. The brown and
yellowish brown silt loam and silty clay loam are stratified and clay
increases with depth.

The Menfro Silt Loam also occurs intermingled with urban lands. The
Menfro-Urban Land Complex occurs on sideslopes of small side drainages of
Maline Creek on slopes between 5 and 20 percent. About 35 percent of this
complex includes urban lands.

A small portion of Maline Creek valley is composed of Freeburg Silt Loam.
This poorly drained, gently sloping soil occurs on a few stream terraces and
abandoned portions of the floodplain. Escarpments or short slopes are common
along the lower boundary of this complex.

Finally, two soils make up only a small few percent of the watershed, the
Winfield Silt Loam which occurs on steeply sloping, moderately well drained
sideslopes and on narrow ridgetops and the Blake Complex. The complex con-
sists of poorly-drained dark grayish brown silty clay loam, fine sandy loam
and silty clay. It occurs at the mouth of Maline Creek on the flood plain
adjacent to the Mississippi River. Flooding of this complex ranges from fre-
quent to rare depending on the degree of flood protection in the area.

4.3.3 Soil Samples

Soil samples of bed and bank material were taken at five locations along
Maline Creek during the site visit. Figure 4.1 shows the approximate location
where samples were taken. Analysis of the samples was made to determine their
size distribution. Hydrometer analysis was utilized to determine the distri-
bution of material passing the 200 sieve (.075 mm). Gradation curves devel-
oped for each sample are presented on Figure 4.2.

The gradation curves for all the samples show that they are composed of
approximately 70 to 90 percent by weight of material finer than the No. 200
sieve {.075 mm). Sample numbers 1, 2, 3, and 4 were taken of bank material
along the creek. Sample No. 5 was taken of the stiff erosion resistant clay
found in the bed of the channel. This may.be correlative with the lower loess
formation, the Roxana Loess, discussed in Section 4.3. Sample No. 5 was found
to be composed of the finest material.

The clay content determined for each sample was found to be between 4 to
7 percent by weight. From field observations, it is believed that the clay

o Dt ,' . — -
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ccntent is actually higher, on the order of 20 percent by weight. The low
clay content determined by the hydrometery analysis is thought to be due to
inadequate dispersion of cldy particles.

4.4 Profile Comparison

4.4.1 Maline Creek

Comparison of historic channel profile data for Maline Creek was made to
identify locations of significant erosion or deposition and long-term trends
of the channel. Site visit observations were utilized to verify findings of
the profile comparison.

As can be seen in Figure 4.3a, the general trend of Maline Creek is an
overall degradation of the channel profile. The channel bed has eroded be-
tween one to three feet over most of its length. The overall erosion of the
channel profile indicates a deficit of available sediment compared to the
transport capacity of the stream. The large amount of urban area in the
watershed has reduced available sediment and increased the runoff and con-
sequent sediment transport capacity of the stream.

At the confluence of Blackjack Creek, the channel was found not to be
following the overall trend of channel degradation. The channel invert has
aggraded approximately four feet in this area. This is believed to be a loca-
lized condition. The amount of sediment supplied by bank erosion occurring
along Blackjack Creek is apparently greater than the sediment transport capa-
city of Maline Creek at their confluence, thus causing the observed change in
bed elevation.

At Glen Owen Drive the channel bea has degraded approximately twice as
much as was generally observed throughout the profile. The 1980 channel
was seen to be approximately seven feet lower than that observed in 1963.
This change is due to the cutoff downstream of a meander bend made during
construction of the Lucas and Hunt Road extension. The length of the channel
in this reach changed from a natural length of 3,600 feet to a channelized
length of 1,800 feet. The shortening of the channtl has steepened the slope
causing higher channel velocities and increased erosion of the channel.

Field observations made during the site visit confirm this situation.
The natural channel at the upstream end of the cutoff is perched approximately
three feet higher than the active channel bed elevation. Another drop of
approximately three feet was also seen a short distance upstream at a concrete
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encased sewer line crossing. A drop of about two feet was Seen at an exposed
pipeline crossing on the downstream side of Glen Qwen Drive.

The drops observed at pipeline crossings in the Glen Owen Drive/
Lucas and Hunt area indicated that these Structures are acting somewhat like
grade control structures. The amount of degradation that might have occurred
through this reach if these structures did not exist is estimated to be be-
tween three and five feet.

At two locations the channel bed elevation was seen to be essentially the
same between 1962 and 1980, the Wabash railroad bridge upstream of Ferguson
Drive and at the I-70 box culvert. '

No historic information on the elevation of the channel bed at the shale
outcrop downstream of Lewis and Clark Boulevard is available. Site visit
observations indicated that the outcrop may have only recently been exposed by
degradation of the channel. A drop of approximately 2 to 3 feet was abserved
downstream of the outcrop. The fall occurring over the outcrop is typical of
drops observed at exposed line crossings.

The 1985 channel profile data (COE, 1985) was also plotted on Figure
4.3a. As can be seen, it generally agrees with the observations made from
comparison of 1962 and 1980 channel data. Overall, degradation of between 1
to 3 feet has occurred over most of the channel. At the confluence with tri-
butaries, the largest amount of degradation was observed.

Only slight increases in degradation were observed between 1985 and 1980
channel data. This is thought to be due to an erosion-resistant clay layer
which the channel has incised over much of its length. Additionally, the
numerous concrete encased sewer lines which cross the creek tend to act as
grade controls.

4,4.2 Blackjack Creek

Comparison of historic channel profile data for Blackjack Creek was also
made, since it is the largest tributary to Maline Creek.

As can be seen in Figure 4.3b, the general treﬁd of Blackjack Creek is an
overall degradation of the channel profile. Similar to Maline Creek, the
channel bed has eroded between one to three feet over most of this length.
The overall erasion of the channel profile indicates a deficit of available
sediment'compared to the transport capacity of the stream.
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Tne larje aaount of degradation observed agrees with the aggradation
observed at the confluence of Maline Creek and uslackjack Creek. The amount of
sediment eroded from Blackjack Creek is apparently greater than the transport
capacity of #aline Creek causing aggradation of the iMaline Creek channel near
their confluence.

Comparison of 1985 and 1980 channe) data revealed no significant change.
Again, this is thought to be due to the erosion resistant clay layer into
which the channel is now incised and the numerous pipeline crossings which
tend to act as grade controls.

4.5 Aerial Photographs

Comparisons of aerial photographs taken of the Maline Creek watersned in
1964 (COE, 1964), 1971 (sCS, 1971), and 19385 (COE, 1985) were made to identify
areas of significant channel changes, to determine historic rates of channel

migration and to relate chanyes in the watershed to channel changes. The 1964
aerial photographs are at a scale of 1 inch equals 2,000 feet, the 1971 pho-
tographs have a scale of 1 inch equals 660 feet, and the 1985 photos are at a
scale of 1 inch equals b25 feet.

The differences in scale of each set of aerial photographs made com-
parison difficult. Only large changes in the stream were observable. Few
major changes in the form and location of Maline freek were noted. Bank ero-
sion was difficult to distinguish on the small scale of the 1964 photographs.
Major changes noted include the expansion of Lambert-St. Louis International
Airport, the removal of houses near the airport, the construction of the Inuer
Belt, the construction of Ferguson Road, the extension of Lucas and Hunt Road
and associated cutoff of the channel.

In addition to identifying changes along Maline Creek, evaluation was
also made of Blackjack Creek. This was done since it is the largest tributary
to Maline Creek and significant bank erosion is presently occurring along it.
Impacts on Maline Creek due to changes in the amount of sediment being deliv-
ered from glackjack Creek could be patentially signtficant.

4.5.1 aline Creek (Observations
The following is a reach-by-reach description of observations made along
Maline Creek from comparison of aerial photographs.
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Mississippi River to Riverview Drive

getween 1964 and 1945 this reach showed little change. The channel was
found to be in approximately the same position with no noticeable increase in
width. In 1964 the portion of the reach between the Burlington
Northern Railroad bridge and Riverview Urive had recently been channelijzed.

channel

Channel banks were free of vegetation. Successive 1971 and 1985 aerial pho-
tographs showed increasing amounts of vegetaticn on the banks. The 1985 pho-

tos show stream banks which are overgrown with trees and bushes.

Riverview Orive to Bellefontaine Road
This reach did not significantly change between 1964,

1971, and 1985

aerial photographs.

Bellefontaine Road to U.S. Highway 67

From 1964 to 1985 this reach showed minor changes. An approximately
50U-foot length of the channel in the area immediately downstream of Lewis and
Clark Boulevard (U.S. Highway 67) migrated towards the north approximately 20
feet.

In the 1985 photos meandering of the stream can be observed. <ctrosion

on the outside of bends and deposition on-the inside of bends can be seen.

U.S. Highway 67 to Confluence with slackjack Creek

In 1904 the stream in this reach can be seen to be meandering. Channel
bank erosion was observed and appeared to be endangering a group of houses
located to the south of the streanm.

been straightened.

In 1971 the same reach is seen to have
In 1985 the
The width of the channel
increased somewhat between the 1971 and 1985 aerial

Mo evidence of bank erosion is obscrvable.
reach is again showing some signs of meandering.
appears to have pho-
tographs. The increase in stream width and migration of the channel seen in
the 1985 photos may be an indication of aggradation of the channel which was
noted in the profile comparison presented in Section 4.4.

The tendency of the channel to show signs *of migration after being
straightened denonstrates that adequate bamk protection must be utilized along

straightened reaches to prevent a return of a more sinuous condition.

Confluence with 8lackjack Creek to Halls fFerry Koad

The channel in this reacn had not changed siynificantly between 1964 and

1971. Between 1971 and 1985 bends appear to have become sharper and bank ero-

| A e lel
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sion is apparent on the outside of bends. In the 1985 aerial photos, sediment
is seen to be depositing at the inside of bends.

Halls Ferry Road to Lucas and Hunt Road

The channel along this reach shows no siygnificant change between 1964 and
1971. Between 1971 and 1935 a meander loop of the channel was cutoff and the
channel relocated as part of the construction of Lucas and Hunt Road exten-
sion. Approximately 3,600-feet of the natural s. eam was cutoff, and was
replaced with a 1,800 foot channelized reach. The stream in the 1985 photos
appears to be more deeply incised than the channel seen in the 1964 or 1971
photographs. The incision of the channel would agree with the degradation
observed during field observations.

Lucas and Hunt Road to Glen Owen Drive

The channel in this reach is in the approximate same position between
1967 and 1985 photos upstream of the cutoff. The channel appears more incised
in the 1985 photographs. ¢Erosion is apparent along the south bank downstream
of the cutoff in the 1985 photos.

Glen Uwen vurive to West Florissant Road

No major change in channel Tocation is noted between 1964, 1971, and 1985
photographs. In the 1985 photos, bank erosion is apparent along most of the
reach. Channel banks have sloughed in various locations.

West Florissant Road to Ferguson Drive

The channel in this reach has changed significantly between 1964, 1971,
and 1985. Successive sets of aerials show increasing bank erosion and stream
width. Similarly, the area surrounding the stream shows increasing development
in 1971 and 1985 photos. In 1964 and 1971, Ferguson Drive did not cross
Maline Creek. In 1971 photos, the area surrounding the stream in the upstream
one-half of the reach was undeveloped. Heavy vegetation can be seen. In the
1985 pnotos, Ferguson Drive was extended .across Maline Creek and large por-
tions of the nearby vegetated areas had been developed. Stream banks in the
1985 photos show erosion throughout the reach upstream of Ferguson Branch
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(Tributary #t). The cnannel in the 1935 photos appears wider and a large
scour hole is seen at the contluence with Ferguson Branch.

Ferguson Jrive to serauda Jrive
NO major chanjes were noted along this reach between 1964, 1971, and 1945
photographs. Bank erosion in some locations can be seen in the 1945 pho-

tograpns.

Bermuda Jrive to Florissant Road
No significant changes were noted between 1964, 1971, and 1985 pho-
tographs. The channel in this reach is fairly straight and is bordered on

both banks by residential areas. Bank protection can be seen in the 1985 pho-
tos in some locations.

Florissant Road to North Hanley Road

This reach is the most sinuous portion of the stream yet discussed. The
channel in the 1971 photos is obscured by vegetation. The channel was seen to
be in the same general location in the 1964 and 1985 photos except in one
area. Approximately 2,000 feet downstream of North Hanley Road, comparison of
1971 and 1985 photos revealed that the stream had been relocated. An approxi-
mately 600~foot long wmeander bend was cutoff and repiaced with a 300-foot
channelized section. do significant changes in the channel upstream of the
cutoff were noted.

North Hanley Road to [-/U
The area between idorth Hanley Road and 1-70 near Maline Creek has changed

extensively since 1971. In 1971 the area was residential housing. In 1985
many houses to the north of Maline Creek had been removed because of noise
problems  associated with  Lambert-St. Louis  International Airport.
Additionally, in 1971 the St. Llouis Inner-8elt (I-170) had not yet been
constructed. In spite of the major changes which have occurred around it, no
significant changes in the channel location were noted between 1971 and 1985
photos. Some bank erosion can be seen in the 1985 photos.

1-70 to Natural Bridge Hoad
The channel between [-70 and Natural 3ridge Road is sinuous. [t is in

the approximate same location in 1964, 1971 and 1985 photos. Erosion of the
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channel banks can be seen in the 1985 channel downstream of iatural Bridge
Road.

Natural Bridge Road to Inner Belt

The stream in this reach is fairly straight in the 1964 photos. Urban
areas confine the channel. In 1985 photos, the Inner Belt Highway had been
constructed. The stream follows the highway along its eastern edge. No com-
parison was made to 1971 conditions as no aerial photographs in this area were
available. The channel appears stable in the 1985 photos, it is confined by
channelization and closely spaced road crossings.

Inner Belt (1-170} to st. Charles Rock Road
The 19385 aerials show the stream channel and banks to be eroding along

this reach. Incised tributaries can be seen along the I-170 roadway embank-
ment.

4.5.2 Blackjack Creek Ubservations
The following is a reach-by-reach description of observations made alonyg

Blackjack Creek from comparison of aerial pnotographs.

Confluence with Maline Creek to Chambers Road

As seen in the 1971 and 1985 aerial photographs, the channel in this
reach is meandering considerably and banks are actively eroding, particularly
at the outside of bends. In the 1964 photos the channel appeared to be
somewhat more stable. Bank erosion was not as apparent.

Between 1964 and 1971 the channel in the vicinity of the intersection of
Halls Ferry Road and recht Road can be seen to have migrated to within
approximately 30 feet of Halls Ferry Road. In the 1985 photos the bank 1is
approximately 60 feet from the roadway. Reportedly, the channel was moved
away from the roadway by filling and placement of bank protection.

In the 1964 and 1971 photos, the portion of tHe channel located approxi-
mately 600 feet downstream of Chambers Koad can be seen to be meandering and
endangering the Meadows School. In the 1985 photographs, the channel was seen
to have been straightened and bank protection installed on the Meadows School
side of the channel. The channel in the 1985 photo appears stable.
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Engggg£§>aoad_gg>Conf]uence with vellwood Branch

This reacn did not change significantly in location between 1964, 1971,
and 1945. The channel is nearly straight. The channel in the 1985 photos
appedrs to be experiencing some bank erosion. Just upstream of the confluence
with Dellwood Branch, a sewer line crossing can be seen. During the site
visit a drop of approximately 3 feet was seen between the upstream and
downstream sides of the crossing.

Confluence with Dellwood Branch to Hudson Orive

Upstream of the confluence this reach of Blackjack Creek is very sinous
up to a point approximately half way to Hudson Drive. The channel straightens
as it passes through a residential area. WNo significant changes in channel
locations were noted between 1964, 1971, and 1985 photographs. The 1985 chan-
nel appears to ve experiencing more streambank erosion than could be seen in
1971 or 1964 photographs.

Hudson Jrive to vorhoff urive

The channel in this reach is in approximately the same location in 1964,
1971, and 1945 photographs. In the 19385 photos bank erosion can be seen in
various lacations. Additionally, in the 1985 photos approximately 300 feet of
bank protection cdn e seen to have been installed along this reach.

!9fﬂ9ff Jrive to confluence witn Central City Branch

Mo significant changes along this reach were observed in comparing 1964,
1971, and 1945 aerial photographs.

Confluence with Central City Branch to [-270
No significant changes along this reach were observed in comparing 1964,

1971, and 1935 aerial photographs.

4.5.3 Conclusions

Overall, tne aline cCreek channel has not changed location dramatically
in the period between 1964 and 1985. Two locations were identified in which
the channel had been moved by man's activities. The first location was the
cutoff of a wmeander bend where Lucas and Hunt Road was constructed. The other
location was the cutoff of a weander bend downstream of North Hanley Road.
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unly the Lucas-Hunt cutoft was noted to have caused significant changes in the
channel. Degradation of the channel and increased bank erosion was noted
throughout the channel from the downstream end of the cutoff to upstream of
Glen Uwen Urive.

As seen in the series of aerial photographs, the watershed area has
changed only moderately in 21 years. iMost of the watershed had already been
urbanized in 1964. Development was noticeable in only certain locations. The
most prominent changes include Lucas and Hunt Road, Ferguson Road, the Inner
Belt (I1-170), the expansion of Lambert-St. Louis International Airport, and
the removal of houses near the airport.

Overall, the most noticeable change in the Maline Creek channel is an
increase in bank erosion. The aerial photographs in 1964 show a somewhat more
stable river. Bank sloughs, erosion on the outside of bends, and widening of
the channel were noted in many locations in the 1985 photographs.

Blackjack Creek was seen to be very similar to Maline Creek. No major
changes in channel location were noted along its length. The 1964 and 1971
photographs showed a more stable stream than that observed in the 1985 pho-
tographs. bBank erosion was more evident in 1935.

4.6 Comparison of txisting and Proposed Hydraulic conditions

4.6.1 General

To evaluate how the recommended plan will impact sediment transport along
Maline Creek, comparison was made of main-channel velocities for existing and
proposed hydraulic conditions. The main channel velocity was the only
hydraulic parameter compared, since it has the single-greatest effect on sedi-
ment transport. The values of main channel velocities were determined from
available HEC-1I backwater computation models for existing and proposed chan-
nel conditions (COE, 1980a).

Comparison of hydrauiic variables was made by graphical means. Existing
and proposed conditions were plotted and differences between them identified.
The velocities for two discharges were compared With 10-year and 100-year
return period floods for future development conditions. The 10-year flood was
chosen to be compared since it represents a discharge with a swall enough
return period that it occurs often enough to have a significant impact on the
shape and form of the river and yet large enough to effect the entire channel.
The 100-year discharge was chosen to be compared since it represents a large
event capable of producing sudden, significant changes in the stream.
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Figures 4.4 and 4.5 are plots of the main channel velocities determined
from HEC-11 models for existing and proposed hydraulic conditions along ialine
Creek.

4.0.2 10-year 0Uischarge

As can be seen from Figure 4.4, the main-channel velocities for the
10-year discharge and existing hydraulic conditions range between 2 to 20 feet
per second (fps). The average range of velocities for the entire stream is 2
to 8 fps.
velocities greater than 8 fps.
Table 4.3.

Main channel velocities for the 10-year discharge and proposed hydraulic

The highest velocities were found at bridges. Four bridges had

A list of brigde -velocities is presented as

conditions were found to be in the same 2 to 20 fps range found for existing
conditions. Average velocities for the entire channel were found to be in the
range of 2 to 8 fps. Again, the highest velocites were found at bridges. Six
bridges were found to have velocities greater than 8 fps.

Comparison of main-channel velocities for existing and proposed hydraulic
conditions indicate a general increase in main-channel velocity for proposed
conditions of between 1 to 3 fps. As shown on Figure 4.4, in reaches where
channel widening and straightening is proposed, main-channel velocity actually
decreased from existing conditions. vecreases ranged from 1 to 3 fps.
Overall, proposed hydraulic conditions can be expected to increase velocities
slightly afong the majority of aline Creek for the 10-year discharge.

Velocities at bridges for existing and proposed conditions vary widely.
Five of the bridges listed on Table 4.3 are proposed to be modified as flood
control improvements. Bridge modifications did not necessarily decrease velo-
cities. Velocities at bridges increased or decreased according to the con-
dition, such as pressure flow or weir flow at which they were flowing. No
general trend was observed as velocities increased at only eight of the 14

bridges modeled.

4.6.3 100-year Discharge

On Figure 4.5 main-channel velocities for the 100-year discharge and
existing hydraulic conditions range between 2 to 15 fps. The general range of
main channel velocities for existing conditions is between 2 to 8 fps. The
highest velocities are found at bridges. Five bridges had velocities greater
than 8 fps.
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Table 4.3. Bridge Velocities Along iMaline Creek.

10-year Discharge

100-year Jischarge

Existing “Proposed Existing Propose
Hydrautlic Hydraulic Hydraulic Hydraulic
Location Condition Condition Condition Condition
B & N RR * * * *
Riverview Urive * * * *
Bellefontaine Rd** 2.2 3.3 2.0 2.7
State Highway 367
{Lewis & Clark Blvd) 3.6 3.6 3.6 3.1
Halls Ferry Road** 5.3 3.8 3.8 4.1
Lucas and tunt Road 5.0 §.7 4.9 7.8
Glen-Woen Drive** 4.4 4.8 2.1 2.1
West Florissant Rd.** 7.9 6.7 11.9 6.3
Ferguson Drive * * * *
Wabash RR 10.3 12.3 14.3 16.3
Bermuda Orive** 5.0 4.3 3.4 4.5
Wabash RR 8.4 15.1 11.6 14.0
Florissant Road 6.3 8.2 4.4 6.4
Martin Luther King
Blvd. (Carson Road) 3.2 4.8 8.¢ 9.4
1-70 7.8 7.5 10.0 9.¢
Rolling urive 5.6 7.0 2.4 4.8
Natural Bridge Rd 19.9 17.0 * 6.5 18.0
*Not modeled
**Bridges modified for proposed hydraulic conditions
I - v' i o — oz — -—w—m
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Main channel velocities for proposed hydraulic conditions range between 2
to 21 fps. The general range of velocities for proposed hydraulic conditions
were found to be approximately the same for existing hydraulic conditions, 2
to 8 fps. Comparison of main channel velocities for existing and proposed
hydraulic conditions indicate general increase for proposed hydraulic con-
ditions of petween 1 and 3 fps. In reaches of proposed channel widening and
straightening, channel velocities were found to be between 1 and 3 fps lower
than existing conditions. Generally, proposed hydraulic conditions can be
expected to increase velocities slightly along most of Maline Creek.

velocities at bridges vary widely for existing and proposed hydraulic
conditions. Velocities increased or decreased according to the flow con-
dition, such as weir flow or pressure flow, uf the bridge. Nine of the 14
bridges demonstrated an increase in velocity.

4.6.4 Impact of Velocity Differences
4.0.4.1 Channel Profile
The impact of the overall slight velocity increase orf 1 to 3 fps observed

for the l0-year and 100-year discharges and proposed improvement conditions on
sediment transport along HMaline Creek is expected to be minimal. The degrada-
tion of the channel profile illustrated in Section 4.4 indicates an existing
deficit of available sediment to transport capacity in the stream. Slightly
increasing the transport capacity of the stream will only marginally affect a
situation that is already out of balance.

Other reasons also exist as to why the increase in velocity is insignifi-
cant relative to sediment transport. First, over most of its length the chan-
nel is now incised into a stiff, erosion resistant clay material that is much
more erosion resistant than the fine loess material found in the banks.
Second, the numerous concrete encased sewer line crossings of the stream are
presently acting as grade controls for the stream. They will continue to do
so, as long as they are maintained, and will effectively control the channel
profile. Finally, the numerous aquatic habitat structures proposed for the
stream will also act to control the profile of the channel.

The increase in velocity may also cause the sediment depositing near the
confluence with Blackjack Creek to be eroded away. This change in base level
for Blackjack Creek could cause degradation of its profile. A grade control
structure on Blackjack Creek may be required as stabilization.
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4.6.4.2 Bank Erosion

Observations made during the site visit indicate that bank erosion is
already a problem along most of Maline Creek. The sediment transport capacity
of the existing channel is thought to be much greater than available sediment
supply. Any unprotected or unvegetated bank exposed to the flow is subject to
erosion. An increase in velocity of 1 to 3 fps associated with proposed
hydraulic conditions will not significantly increase bank erosion.

It was concluded from site visit observations that occurrences of bank
erosion are caused as much by the geotechnical properties of the soil as by
hydraulic conditions. Wherever a failure of a slope or existing bank protec-
tion measures was caused by geotechnical considerations of the soil, the bank
is subject to bank erosion. The prevention of drainage flowing over banks and
proper engineering of bank protection measures is expected to have the
greatest positive effect on bank erosion along the creek.

4.6.4.3 Bridges

Sediment transport at bridges can be expected to vary dramatically for
the various flow conditions expected at each bridge. Generally, the flow at
bridges is confined enough to cause Targe velocities. Adequate protection of
banks along transitions into and out of bridges and proper consideration of
local scour depth must be made.

4.7 Effect of Recommended Improvements on Sediment Transport and Erosion

Evaluation of how channel improvements associated with the recomnended
plan will effect sediment transport and erosion along Maline Creek was made
based on information about each improvement contained in the 1980 survey
report (COE). Proposed improvements which would potentially effect the
hydraulics of the stream include detention basins, channel modifications, low-
level levees, and floodwalls, channel clearing, bridge replacements and modi-
fications, and aquatic habitat structures.

In tne following sections, discussion of eachH proposed improvement and
its potential effect on sediment transport and erosion along the stream is
made. Additionally, where undesirable impacts on sediment transport and ero-
sion are anticipated to be caused by the proposed improvement, means of
negating or mitigating such impacts are proposed.
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4.7.1 Detention Basins

gEight sites are identified in the recommended pian to provide storm water
detention. The eight sites proposed are shown on Figure 4.6. Data for each
site is listed in Table 4.4.

As can be seen in Figure 4.6, the only one of the eight proposed deten-
tion basins (M27) is to be located on the Maline Creek mainstem. It is
located near the upstream end of Maline Creek. It controls a drainage area of
525 acres or 3.2 percent of the entire watershed.

The seven proposed detention sites are located along tributaries to
Maline Creek. Three of the seven are to be located on the largest tributary
to Maline Creek, Blackjack Creek (MD-1). Two of the three are located on the
tributaries to Blackjack Creek, one on Dellwood Creek and on Central City
Branch.

The effect of proposed detention basins on sediment transport along
Maline Creek is expected to be minimal for several reasons. First, the area
which the detention basins control is only 14.3 percent of the watershed. The
remaining 85 percent of the watershed is still free to contribute sediment
even assuming a 100 percent trap efficiency for the detention sites.
Secondly, the overall degradation of the channel profile shown in Section 4.4
indicates an existing overail deficit in the available supply of sediment com-
pared to transport capacity. A fractional decrease in sediment supply caused
by construction of the detention basins will only slightly aggravate an
existing situation. Third\y, degradation of the channel is already being
controlled to some degree by the erosion resistant clayey loess in which the
channel has incised over much of its length, the numerous existing pipeline
crosssings of the stream, and the large amounts of rubble that are now in the
bed. Finally, the 18 aquatic habitat structures proposed to be constructed
along the stream are expected to act as grade control/drop structures, further
stabilizing the channel profile.

4.7.2 Channel Widening and Straightening .

4.7.2.1 General .

Portions of Maline Creek, Moline Acres Creek, (MC), and 8lackjack Creek
(MD) are identified in the recommended plan to be widened and straightened.
Proposed channel designs include a concrete U-shaped channel, a trapezoidal
concrete channel and a trapezoidal earth channel. Typical sections for each
design are presented as Figure 4.7.
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Table 4.4. vVetention Basin vata.

i ——

Percentage

of Total [aximum Pool
Site Stream Watershed Area {(Acres) (Acre/Feet)
M27 Maline Creek .2 63 942
M22 Jnnamed Tributary .6 16 215

to Maline Creek

MH1 Kinlock Branch .8 20 277
MF1 8all Creek .9 30 514
F2 BA1Y Creek .4 6 56
MD1 Blackjack Creek .6 10 52
MD2-2 central City Branch .2 30 497
MD1-1 Jellwood Creek .6 52 786
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As the
existing and proposed conditions of the channel

was demonstrated in comparison of hydraulic conditions for

the
velocity caused by recommended improvements will generally not affect sediment

increase or decrease in

transport in Maline Creek. It was also shown that at each of the locations
where widening and straightening of the channel was proposed, the main channel
velocity actually decreased between 1 and 3 fps for the 10- and 100-year
discharges. This slight decrease in channel velocity is not expected to cause
sedimentation problems since their is an existing deficit of available sedi-
ment compared to the transport capacity of the stream.

The comparison of aerial photographs previously presented showed that
sections of Maline Creek which had been straightened have a tendency to return
to a meandering pattern. This tendency was also observed during the site
visit in the channelized reach upstream of Glen Owen Orive.

it will

To prevent this
be necessary to provide adequate protection of banks along reaches
utilizing the trapezoidal earth channel design.

4.7.2.2
Review of desiyns proposed for channel modifications was wmade to assess

Design and Construction Considerations

their effect on sediment transport.

4.7.2.2.1 Concrete lined U-shaped and Trapezoidal Channels. The fine

loess material on to which the concrete channel is to be placed will require
special to
should be used to prevent leaching of material from underneath channel sec-

considerations prevent foundation problems. Adequate filters
tions and from joints in the channel.

From discussions with the Metropolitan St. Louis Sewer District (MSD) it
was learned that in the past they had experienced problems with 2 horizontal
to 1 vertical sideslope trapezoidal concrete-lTined channels. A common con-
dition was described where the sideslope failed approximately one-third of the
distance up the sideslope allowing foundation material to wash out.

4.8 is definition sketch of the problem.

Figure
MSU said that failures occurred even

though adeqguate
modification of

seemed to have

weep holes and filters were utilized.

They also said that

the standard design used for concrete trapezoidal channels

prevented this problem

from occurring.

The modification

changed using a 4-inch thick wire wesh reinforced sidewall to a 7-inch thick
steel reinforced sidewall.
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une possible explanation for the slope failure problem is that loess
becomes saturated soil pehind the sidewall and exerts enough pressure to cause
failure. Weep holes and filters present in the sidewalls cannot adequately
drain the loess because of its low permeapility. The moditied 7-inch steel
reinforced sideslope is apparantly strong enough to prevent saturation of
material used as foundation for the sideslopes.

4.7.2.2.2 Trapezoidal tarth Channels. One conclusion drawn from site

visit observations 1is that one of the main reasons for bank erosion along
Maline Creek is stability problems associated with the geotechnical charac-
teristics of the fine loess material found in the watershed. Constructing a
stable channel in the loess material will require that proper consideration be
given to geotechnical characteristics of the soil. Design of the channel
should consider the stability of the 3:1 sideslopes for various densities
and levels of saturation. Excavation and recompaction of sideslopes to
achieve the required density may be required. Similarly, the diversion or
proper channelization of drainage that might flow over the banks of the chan-
nel should be considered to prevent localized erosion and saturation of the
channel sideslope.

Another observation made during the site visit which is applicable to the
proper construction of a stable earth channel is that bank erosion occurred
wherever adequate vegetative or man-made protection was absent. Proper con-
sideration should be given to re-establishment of vegetative cover.
Scheduling of construction should be made so that grasses can be well
established along banks prior to the time of year when the stream is most
Tikely to experience flood flows, May through August. Where establishment of
vegetative cover is not possible man-made bank protection such as riprap
bedded on filter cloth should be considered.

4,7.3 Low-level Levees and Floodwalls

Low-level flood protection is proposed along -portions of Maline Creek,
Blackjack Creek, Uellwood Creek, and KinlQck Creek. General designs for the
structures are presented on Figure 4.9,

The comparison of existing and proposed hydraulic conditions along Maline
Creek did not reveal any significant change in main channel velocities caused
by the low-level flood protection. This is probably due to the fact that the
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structures are to be set back from the main channel, tnus minimizing their
effect. Additionally, the low-level flood protectors will only effect flows
greater than bankfull and less than approximately the lu-year discharge.

An mportant consideration in the desiygn of the low-level flood protec-
tion is adequate provision for drainage of runoff that wili collect behind
each structure. Saturation of the fine loess material on which the protection
is to be founded should be prevented to avoid geotechnical failures of stream
banks and consequent erosion. It is believed the saturation of the fine loess
could cause a failure surface to develop through the stream bank.

4.7.4 Channel Clearing

Ninety-one acres of channel clearing is proposed in the recommended plan.
The removal of vegetation and debris will decrease the roughness of the chan-
nel resulting in higher main-channel velocities. Increases in velocity, in
the range of 1 to 3 fps, are not expected to significantly increase erosion
along the creek. This is due to the erosion resistant clay into which the
channel 1is incised, the numerous pipeline crossings which stabilize the chan-
nel and the 18 proposed aquatic habitat structures which are expected to act
as grade controls.

The removal of vegetation could potentially expose presently stable
streambanks to erosion. Clearing of channels should be scheduled after the
potential flood season of May to August, so that yrasses can be re-established
along banks prior to the next flood season. Additionally, debris generated by
vegetation removal should be disposed of properly. If left in the channel,
debris could hang up along banks or bridge piers causing increased local
scour.

4.7.5 Bridge Replacements

The 1980 survey report recommended that five bridges along Maline Creek
be replaced as flood improvements. To identify whether any of the bridges are
currently planned to be replaced, the Missouri State Highway Department and
St. Louis County Highway Department were .contacted. It was found that only
the Bellfontaine Road bridge is currently scheduled for replacement along
Maline Creek. Florissant Road bridge is pianned for replacement but not until
approximately 1990. No designs for its replacement have been made.

It was pointed out during conversations with the various highway depart-
ments that even if the various bridges proposed to be replaced were, their
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basic dimensions would probably pe very similar to what they are now. This is
because of the wany constraints on the design which exist pertaining to
existing roadway grades, elevations of nearby structures and transportation
requirements. Because of this, it can be concluded that the existing bridge
hydraulics are fairly characteristic of those associated with future bridye
replacements.

From the comparison of existing hydraulics presented in Section 4.6 it
can be seen that velocities through bridges range between 2 to 20 fps.
Velocities are highly dependent on the flow condition, such as pressure flow
or weir flow, of the bridge. Generally, all the bridges along Maline Creek
may be subject to velocities in excess of 8 fps. In view of the fairly high
velocities found at bridges, the critical aspects of bridge design related to
sediment transport include proper orientation of piers and pier walls to the
flow, making smooth channel transitions into and out of the bridge, proper
engineering of bank protection along transitions and at abutments and adequate
consideration of potential local scour.

4.7.6 Aquatic Habitat Structures

In an effort to provide better habitat for aquatic species along Maline
Creek a series of 18 aquatic habitat structures as seen in Figure 4.10 are
proposed to be constructed. The structures are to be located in the main
channel of the stream and dre to be constructed of rock-filled gabions. The
structures are expected to act as grade controls to prevent degradation. The
overall effect is expected to improve the aquatic habitat because the current
trend of the creek is degradation. In the area near the confluence of
Blackjack Creek and Maline Creek it was seen in the profile comparison that
Maline Creek is aggrading. In this area it is not recommended that the
aquatic habit structures be constructed. The structures would only aggravate
the sedimentation occurring in this area and would probably be buried by sedi-
ment negating their purpose.

The overall velocity increase of 1 to 3 fps determined in Section 4.4 for
Maline Creek may cause the sediment deposited near the confluence with
Blackjack Creek to be eroded away. If this occurs, it may cause a lowering of
the base level for Blackjack Creek and increased channel instability such as
degradation of the channel profile. In such an event, construction of one or
more aquatic habitat/drop structures along the 1lower portion of Blackjack
Creek to prevent profile degradation may be desirable.
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A review was made of the proposed design for the aquatic habitat struc-
tures to determine its potential effect on sediment transport. As seen in
Figure 4.11 no bank protection is utilized on the sideslopes of the channel.
It is recommended that proper bank protection be provided since the banks are
composed of fine loess material, which is highly erodible. Without proper
bank protection it is possible that the stream could bypass the structure.

Another recommendation for their design is to toedown the structure at
least 3 feet on the downstream side. The purpose of the toedown is to prevent
headcutting of the channel underneatn the structure.
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Y. SUMMARY AND CONCLUSIONS

[n the previous chapters & qualitative evaluation of sediment transport
along Maline Creek was made to evaluate potential impacts of iwmpr -ements
recommended for the stream. Additionally, recommendations were made for miti-
gating potential negative impacts.

Based on the analysis presented in the previous “iapters, the following
conclusions and recommendations are summarized. As described in the 1980
Survey Report, Maline Creek is presently nothing more than an “urban storm
sewer”, [t is controlled to a large degree by the e. ..nsive amount of urban
area in the watershed. In the last 21 years only two major shifts in the
location of the Maline Creek have occurred. (Une downstream of North Hanley
Road, the other at Lucas and Hunt Road. Both were the result of channel re-
location. The large number of bridges, numerous structures bordering the
stream and extensive bank protection measures found along the stream make
major changes in channel location uniikely.

The channel bed profile was shown to have degraded between 1 to 3 feet
over most of its length. The only aggradation noted was at the confluence
with Blackjack Creek. The degradation of the channel was attributed to an
existing deficit of available sediment compared to the transport capacity of
the stream. The deficit is the result of an increase in runoff and decrease
in available sediment supply caused by increasing urbanization. It is
believed, however, that degradation of the channel will not continue as
rapidly as experienced in the past. Etrosion of the channel bed is expect to
be controlled for several reasons, the erosion-resistant clayey loess layer in
which the channel is now incised, the large amount of rubble from bank protec-
tion which is araoring the bed, and the numerous pipeline crossings of the
stream which are acting as grade controls.

The geotechnical characteristics of the fine loess material found in
streambanks 1s thought to control bank erosion as much as hydraulic con-
ditions. Many observations were made during the site visit of bank erosion
problems where saturation of bank material was the likely the cause of bank
failure. .

Comparison of main channel velocities for existing and proposed hydraulic
conditions of idaline Creek indicate that a general increase in velocity of be-
tween 1 to 3 fps can be expected for 10-year and 100-year discharges.
Velocities are expected to decrease from existing conditions, 1 to 3 fps in
reaches where channel widening and straightening is proposed.
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The effect of the general increase in velocity on sediment transport
along Maline Creek is expected to be insiynificant. Reasons for this include
the erosion-resistant clayey loess in which the channel is incised, the exten-
sive amounts of rubble from bank protection which practically armor the chan-
nel bed, the numerous existing pipeline crossings of the stream acting as
grade controls and the 18 proposed aquatic habitat structures which are
expected to act as grade controls.

No unavoidable significant impacts on sediment transport along Maline
Creek are expected to be caused by the channel improvements included in the
recommended plan.

Adverse impacts on property adjacent to the stream can be avoided by
proper utilization of bank protection, either vegetative or structural.

Recommendations made to modify improvement designs to avoid potential
impacts include the following:

1. Channel Widening and Straightening

a. Concrete-lined Channels

Special consideration must be given to the geotechnical properties of the
fine-grained loess foundation material. Adequate filters must be util-
ized at weep holes and joints to prevent leaching of foundation material.
Forces on sideslopes must also be analyzed to consider saturated foun-
dation material, or special provision must be mad to prevent saturation :
of material along sideslopes.

b. Earth Channels

Special consideration must be given to the geotechnical properties of the
fine-grained loe<s material 1in which the channel is to be constructed.
Analysis should be made of the 3:1 sideslopes recommended and their sta-
bility for various levels of soil densification and saturation.

Diversion or controlled collection and disposal of local drainage which
might flow over channel banks is recommended to prevent local erosion and
saturation of sideslopes.

Proper consideration must be made of re-establishment of vegetative cover
to prevent erosion. Scheduling of construction should be made so that
grasses will be well established prior to the potential flood season, May
through August. .

Site visit observations and analysis of aerial photographs revealed that
sections of Maline Creek which have been straightened have a tendency to
return to a meandering pattern. To prevent this, it will be necessary to
provide adequate protection of banks along reaches utilizing the trape-
zoidal earth design. Riprap bedded on filter cloth and other man-made
protection should be considered as potential forms of bank protection.
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Low-level Flood Protectors

Adequate provision must be wade for drainage of runoff that collects
behind levees and floodwalls. This will help prevent saturation of
streambanks and potential failures of channel sideslopes.

Channel Clearing

Clearing of channels should be scheduled so that any disturbance of
grasses that prevent erosion can be re-established prior to the potential
flood season, iMay through August. ODebris generated by the clearing must
also be properly disposed of to prevent collection of debris along chan-
nel banks and on bridge piers. Debris could potentially cause blockage
of bridge spans and undesirable local scour problems.

Bridge Replacements

Any bridye replacement designs should ensure that piers and pier walls be
properly aligned with the flow in the channel, that transitions into and
out of bridges are swooth, bank protection along transitions and abut-
ments is properly engineered and adequate consideration be given to
potential scour depths relative to footing elevations.

Aquatic Habitat Structures

Adequate protection must be utilized to control erosion on channel
sideslopes in view of the hydraulic disturbance that will be caused by
the structures. Without proper protection, the highly erodible fine-
grained loess material found in the banks will be eroded and potentially
the channel could bypass the structure.

Another recommendation 1is that adequate toedown be provided along the
downstream edge of the structure. Since the Maline Creek profile is seen
to be degrading adequate toedown, estimated to be 3 feet, should be pro-
vided to prevent undercutting of the structure.

In the vicinity of the confluence with Blackjack Creek, the Maline Creek
channel has been aggrading. It is not recommended that structures be
lTocated in this area. The slight overall increase in channel velocity
associated with proposed channel improvement may cause the aggradation to
stop and possibly erode away deposited material. If this occurs it could
cause a lowering of the base level for Blackjack Creek. This may ini-
tiate erosion of the channel bed along Blackjack Creek. In such an
event, it may be necessary to stabilize Blackjack Creek with one or more
drop structures such as the aquatic habitat sttuctures.
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